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Abstract 
A descriptive study was developed in order to compare indoor and outdoor air 
contamination caused by fungi and particles in seven poultry units. Twenty eight 
air samples of 25 litters were collected through the impaction method on malt 
extract agar. Air sampling and particles concentration measurement were done in 
the interior and also outside premises of the poultries’ pavilions. 
     Regarding the fungal load in the air, indoor concentration of mold was higher 
than outside air in six poultry units. Twenty eight species / genera of fungi were 
identified indoor, being Scopulariopsis brevicaulis (40.5%) the most commonly 
isolated species and Rhizopus sp. (30.0%) the most commonly isolated genus.  
     Concerning outdoor, eighteen species/genera of fungi were isolated, being 
Scopulariopsis brevicaulis (62.6%) also the most isolated. All the poultry farms 
analyzed presented indoor fungi different from the ones identified outdoors. 
     Regarding particles’ contamination, PM2.5, PM5.0 and PM10 had a 
statistically significant difference (Mann-Whitney U test) between the inside and 
outside of the pavilions, with the inside more contaminated (p=.006; p=.005; 
p=.005, respectively). The analyzed poultry units are potential reservoirs of 
substantial amounts of fungi and particles and could therefore free them in the 
atmospheric air.  The developed study showed that indoor air was more 
contaminated than outdoors, and this can result in emission of potentially 
pathogenic fungi and particles via aerosols from poultry units to the 
environment, which may post a considerable risk to public health and contribute 
to environmental pollution. 
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1 Introduction  
Intensive poultry production, implying large densities of animals in small areas, 
is a significant source of air pollution which may constitute a considerable health 
hazard to the birds, farmers and those living in the proximity of the farm [1]. On 
the other hand, the spread of bioaerosols to the outside of animal housing may 
result in local or even more extensive environmental pollution [2]. 
     Organic dust is composed by viable particulate matter (also called 
bioaerosols). Bioaerosols are comprised of airborne bacteria, fungi, viruses and 
their by-products, endotoxin and mycotoxin [3, 4] and also by non-viable 
particles, generated by such things as faeces, litter, feed, feather formation 
(which produces a high quantity of allergen dandruff).  
     Thus, dust in poultry houses carries an inherent respiratory risk. Generally, 
dust particles are removed by cough, mucociliary cleaning, fagocytosis or 
lymphatic transport, and will not necessarily reach the alveolar region. 
Respiratory particles are defined as having in average 4.0 µm or less [5]. 
     Airway inflammation caused by a non-allergic mechanism has been well 
documented in the literature as the major respiratory health problem of people 
working in animal confinement buildings with heavy dust exposure, especially in 
swine and poultry productions [5–10]. Hypersensitive lungs have been related to 
inhalation of mold spores [7]. 
     Gathering temporal information about the quantity and the composition of 
bioaerosols is necessary to better understand the relationship between factors that 
influence them and the adverse health symptoms of both workers and animals 
[11]. Besides that, much less is known about the relationships between the 
indoor and outdoor biological pollution, as well as about the spreading of indoor 
bioaerosols in the surroundings of the farms. 
     Taking into consideration these concerns, the purpose of this research was to 
compare indoor and outdoor air contamination caused by fungi and particles in 
seven poultry units. 
2 Materials and methods 
A descriptive study was developed in order to compare indoor and outdoor air 
contamination caused by fungi and particles in seven poultry units. Seasonal 
sampling was conducted in the winter of 2011 and farms were accommodated to 
10000 and 60000 broilers. 
     Twenty eight air samples of 25 litters were collected through the impaction 
method on malt extract agar. Air sampling and particles concentration 
measurement were done in the interior and also outside premises of the poultries’ 
pavilions. 
     Indoor and outdoor air samples were collected at a height of one meter with a 
flow rate of 140 L/minute, onto malt extract agar (MEA) supplemented with the 
antibiotic chloramphenicol (0.05%). After laboratory processing and incubation 
of the collected samples, quantitative (colony forming units – cfu/m3) and 
qualitative results were obtained, with identification of the isolated fungal 
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species. Whenever possible, filamentous fungi were identified to the species 
level, since adverse health effects vary according to fungal species within the 
same genera [12, 13]. Identification of filamentous fungi was carried out by 
macroscopic and microscopic observations, using lactophenol blue stain and 
achieved through comparison of morphological characteristics listed in 
illustrated literature [13]. 
     Concerning particles, besides measurement of their concentration, 
differentiation between size fractions was also performed (PM0.5; PM1.0; 
PM2.5; PM5.0; PM10) due to the importance in health studies, aiming to 
estimate dust penetration within the respiratory system and, consequently, their 
potential health effect. In each poultry unit several indoor measurements and one 
outdoors were performed. Measurements were performed with direct-reading 
equipment (Lighthouse, TSI).  
     Tables with frequency distribution of the isolated fungal species were made 
with the obtained indoor and outdoor data. Data analysis was performed with the 
statistical software SPSS 19.0 using the correlation analysis. 
3 Results 
3.1 Fungal contamination 
Regarding the fungal load in the air, indoor concentration of moulds was higher 
than outside air in six poultry units. Concerning fungal load in indoor air from 
the seven poultry farms, the highest mean value obtained was 14350 cfu/m3 and 
the lowest was 706.6 cfu/m3 (Table 1).  
Table 1:  Quantification of the fungal air load in indoor and outdoor of the 







1 1603,3 880 
2 4040 4040 
3 1586.6 640 
4 706.6 320 
5 14350 1280 
6 2540 2000 
7 5320 2520 
* Mean values. 
 
     Twenty eight species/genera of fungi were identified indoor, being 
Scopulariopsis brevicaulis (40.5%) the most commonly isolated species and 
Rhizopus sp. (30.0%) the most commonly isolated genus.  
     Regarding outdoor, eighteen species/genera of fungi were isolated, being 
Scopulariopsis brevicaulis (62.6%) also the most isolated (Table 2). 
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Table 2:  Most frequent fungi identified in indoor and outdoor air.  
Indoor Frequency (%)  






























     All the poultry farms analyzed showed indoor fungi different from the ones 
identified outdoors. 
3.2 Particles measurement 
Concerning contamination by particles, the ones with larger size were detected in 
higher concentrations, indoor and outdoor, particularly PM5.0 (particles of 
dimension 5.0 µm or less) and PM10 (particles of dimension 10 µm or less). 
Results obtained from the seven poultry farms – indoor and outdoor are shown in 
Table III and IV, respectively. 
Table 3:  Median values for particles concentration in each size (indoor). 














A 3.4x10-4 6.7x10-4 59.3x10-4 1.0 x104 6.0 x104 
B 9.4x10-4 18.6 x10-4 82.8 x10-4 8.4 x102 3.2 x105 
C 6.8 x10-4 1.2 x10-3 7.4 x10-3 1.1 x105 8.0 x105 
D 2.7x10-4 4.6 x10-4 1.9 x10-3 3.4 x10-2 2.1 x105 
E 1.4 x10-3 3.1 x10-3 21.6 x10-3 2.1 x105 5.8 x105 
F 2.3 x10-3 2.8 x10-3 7.9 x10-3 6.5 x10-2 2.6 x105 
G 5.0 x10-4 7.5 x10-4 2.3 x10-3 2.2 x10-2 1.4 x105 
Table 4:  Results for particles concentration in each size (outdoor). 














A 3.54 x10-4 5.73 x10-4 16.17 x10-4 169.66 x10-4 720.31 x10-4 
B 10.78 x10-4 21.34 x10-4 40.99 x10-4 79.03 x10-4 89.67 x10-4 
C 10.67 x10-4 15.95 x10-4 25.31 x10-4 168.79 x10-4 889.69 x10-4 
D 2.21 x10-4 3.46 x10-4 6.79 x10-4 30.92 x10-4 72.30 x10-4 
E 18.60 x10-4 29.89 x10-4 47.82 x10-4 110.24 x10-4 158.02 x10-4 
F 19.23 x10-4 29.42 x10-4 33.34 x10-4 46.52 x10-4 59.62 x10-4 
G 2.14 x10-4 3.71 x10-4 5.76 x10-4 16.96 x10-4 42.43 x10-4 
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     Statistically significant differences (Mann-Whitney U test) were obtained   
between the inside and outside of the pavilions regarding the distribution of the 
particles PM2.5, PM5.0 and PM10, with the air inside the pavilions more 
contaminated (p=.006; p=.005; p=.005, respectively). 
4 Discussion  
Animal confinement tends to increase the overall microbial load in the 
immediate production environment by virtue of the increased volumes of feed, 
animals, and organic residuals (manure and wastewater) present, and the 
increased handling and management required. Bioaerosols initially generated 
indoors may disperse outdoors [14].   
     Besides that, evidence from both epidemiological and experimental studies 
supports the hypothesis that exposure to fungal spores is causally associated with 
development of hypersensitivity pneumonitis, organic dust toxic syndrome, 
decline in lung function, severity of asthma, respiratory symptoms, and airway 
inflammation. Furthermore, a recent review document on fungal spores suggests 
an occupational exposure limit of 105 spores for diverse fungal species in non-
sensitized populations [15]. Epidemiological studies showed increased 
prevalence of respiratory symptoms and adverse changes in pulmonary function 
parameters in poultry workers [16, 17]. 
     Regarding the fungal load in the air, indoor concentration of moulds was 
higher than outside air in six poultry units corroborating the possible 
contamination source to outdoor. However, considering only the fungal load 
detected indoor, a study performed in two poultry farms in Zagreb [18] presented 
much higher indoor counts than the ones found in the seven poultry farms 
analyzed in our study (published elsewhere). 
     In accordance with our results, also in Rimac et al. [18] species belonging to 
the genera Scopulariopsis, Rhizopus, Aspergillus and Penicillium were the most 
prevalent. Moreover, some of the most prevailing fungal species identified in our 
study (Penicillium and Aspergillus spp.) have been described to cause 
hypersensitivity reactions in humans, with clinical manifestations such as 
allergic rhinitis, asthma and extrinsic alveolitis [19–21]. 
     All the seven monitored poultry farms results showed that indoor fungal 
species were different from the ones isolated outdoor, and six of them had more 
cfu/m3 in indoor than outdoor air, suggesting in both situations, fungal 
contamination from within [22], and also, corroborating the possible indoor 
contamination source to outdoor. 
     Exposure to particulate contaminants can constitute a potential health hazard. 
Indoor particle concentrations involves complex combinations of numerous 
factors, such as emissions sources, ambient conditions, building structure and 
materials, work activities, ventilation and air exchange rate, which also affect 
particle size distributions. The results obtained in our study show the same trend 
that other studies developed [4, 23, 24]. In fact, we found out higher density of 
particles among the sizes PM5.0 and PM10. The presence of particles belonging 
to the respirable range (<5-7 μm) shows that the found poultry dust particles can 
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penetrate into the region of the lung where gas exchange occurs. Larger particles 
(PM10) can also cause disease by impacting in the upper and larger airways 
below the vocal cords.  
     It has also been demonstrated that dust exposure is associated with an 
accelerated decline in forced expiratory volume in the first second of exhalation 
(FEV) in farmers working in completely closed swine and poultry housing in 
areas of temperate climate. In these cases, and in most of the workers, the loss of 
FEV approximately doubles, causing a significant lung disease [10, 25]. In a 
study developed by Zuskin et al. [26] measured lung function in 343 poultry 
farm workers, FEV and FVC (forced expiratory vital capacity) were significantly 
lower than the predicted. It was observed that workers exposed to the poultry 
house environment for more than 20 years had lower lung function than workers 
subjected to it during less time. 
     Indoor sources of particle contamination include particle generation (related 
for instance to combustion processes, use of spray products) and particle 
resuspension during intense movement [27–29]. In poultry pavilions 
resuspension is the most common situation, occurring with birds moving, litter 
spreading or turn over and other common activities related with poultry. This is 
well demonstrated in our study by the statistically significant differences found 
between the values from indoor and outdoor, indicating that activities performed 
inside pavilions are probably promoting particulate resuspension. Moreover, our 
results also reveal low or negligible outdoor influence due to the obtained results, 
which could be explained by the fact that normally ventilation rates are very low, 
particularly in the winter season, when these measurements took place. In this 
case, possible indoor influence on outdoor air is suggested by the same tendency 
obtained in indoor and outdoor: higher density of particles of bigger sizes 
(PM5.0 and PM10.0). 
     Additionally, we have to take in consideration that all poultry units studied 
are located in rural areas and the influence of other particles’ sources from 
human activity was probably low.  
5 Conclusions 
The analyzed poultry units are potential reservoirs of substantial amounts of 
fungi and particles and could therefore free them in the atmospheric air.  The 
developed study showed that indoor air was more contaminated than outdoors, 
and this can result in emission of potentially pathogenic fungi and particles via 
aerosols from poultry units to the outdoor environment, which may post a 
considerable risk to public health and environmental pollution. 
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